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ABSTRACT

Field modifications to U.S. Army External Airlift Transport (EAT) operat-
ing procedures became critically necessary during Operation Desert Storm. To
meet mission essential objectives, the U.S. Army 101st Airborne Division
developed a new dual side-by-side (DSS) airlift sling configuration for air-
lifting two high mobility multipurpose wheeled vehicles (HMMWV) simultaneously
with a CH-47D helicopter. The U.S. Army Materials Technology Laboratory
performed experimental and finite element analysis (FEA) activities to evaluate
the performance of the forward outboard ILM1WV lift provisions subjected to
DSS sling configurations. These activities were performed at the request of
the Natick Research, Development, and Engineering Center in an attempt to
-,.rtifv two DSS airlift configurations under consideration for further us,.

R,.sults of both the experimental and analytical analyses were obtained, dis-
":'issed, and subsequently correlated. Conformity of the provision to Military
Standard 209-G, "Slinging and Tiedown Provisions for Lifting and Tying Down
Military Equipment" was evaluated for both configurations.
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INTRODUCTION

An Army External Airlift Transport (EAT) procedure for
ground vehicles consists of a CH-47D helicopter transporting
two HMMWVs in the tandem configuration depicted in Figure 1.
The CH-47D employs a pair of fore and aft lift points. Each
lift point supports an individual vehicle using four
sling/chain assemblies. Opposite ends of the sling/chain
assemblies are attached to the two front airlift provisions
and the two rear bumper shackles of each HMMWV.

VP

Photograph, courtesy of ARMED FORCES JOURNAL INTERNATIOAPL, April, 1992.

Figure 1. CH-47D lifting 2 HMMWVs in tandem configuration.

The tandem configuration was found to interfere with
the operation of the CH-47D altimeter. Signals emitted from
the altimeter system reflected off the forward positioned
HMMWV rather than the ground resulting in erroneous altitude
readings. Interference of this type poses a serious threat
to the safety of both the pilot and crew, particularly
during low altitude night operations.



In an effort to alleviate the altimeter interference
problem, the 101st Airborne Division designed and employed a
new, uncertified Dual Side-by-Side (DSS) lift configuration
as illustrated by Figure 2. Sling rigging procedures for
this configuration applied a significantly increased out-of-
plane bending load to the forward outboard (FO) HMMWV lift
hooks as compared to both the single and tandem airlift
configurations. Airlift provisions in all cases are required
to conform to MILITARY STANDARD 209G (MIL-STD-209G)
"Slinging and Tiedown Provisions for Lifting and Tying Down
Military Equipment"'. Specifically, no lift provision may
plastically deform (yield) as a result of a sling force
application up to and including 3.2 times the effective
working static load of the individual sling (3.2g).

Fft

Figure 2. DSS airlift configuration.



Two DSS configurations, referred to herein as the 1 0 1 st
and NRDEC configurations, were evaluated to determine it
conformity of the FO lift provision to MIL-STD-209G was
maintained. Static suspension tests were performed to
characterize sling force vectors required for Finite Element
Analysis (FEA) of the provision. Strain gages were mounted
at various locations to report the strain response of the
provision to static 1.0g loads. Experimental strain gage
results were correlated with the FEA model results and were
used to qualify the models for provision evaluation.

DESCRIPTION OF HHV AIRLIFT PROVISION

Since first introduced to military service, the HMMWV
has been upgraded and modified as specific applications
require. In recent years, heavier payloads requiring
increased lift provision strength have resulted in design
modifications tc critical airlift components.

The Heavy HMMWV Variant (HHV) is an up-weighted HMMWV
for light tactical, utility, combat, and scouting
operations. Among the many design improvements to this HMMWV
version are the forward airlift provisions. As a result of
increased Gross Vehicle Weight (GVW), original airlift
provisions were rendered insufficient for certain air mobile
unit operations. HHVs with their modified forward lift hooks
are appropriate for heavy external air transport operations
and were used during all testing and analysis activities in
this investigation.

Lift Provision Construction

As illustrated in Figure 3, the HHV modified forward
airlift provision is constructed of a 0.75" diameter
inverted "U" shaped rod welded at both ends to opposite
corners of a 3.00" X 4.00" X 20.375" main bracket box beam.
A 0.25" thick reinforcement plate is welded to the straight
sections of the rod to provide additional stiffness, thereby
diminishing the effect of in-plane bending stresses within
these sections. Adjacent to the main box beam are two end-
beveled "C" channels. The channel beams are welded adjacent
to each other and finally to the box beam. The three beam
sections together are referred to as the bracket section of
the provision and are mechanically fastened to the HHV frame
by ten (10) 5/8" diameter bolts. All components of the
assembly, (bracket and hook) are made of 1020 cold drawn
steel.

In comparison to the modified HHV forward lift
provision, the original consists of a 0.625" diameter rod
and does not include the 0.25" thick reinforcement plate.
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Figure 3. Forward HHV lift provision.

Lift Hook Loading Design Criteria

An assessment of the in-plane and transverse normal
bending stiffnesses, EIii and EItt respectively, for the
HHV provisions was performed. Referring to Figure 3, 0 is
defined as the ratio of the in-plane to the transverse
normal moments of inertia along section A-A for the in-plane
and out-of-plane directions. The following value of 1 was
computed for the forward HHV provision:

0 HHV = (Iii / Itt)HHV = 172.54 (1)

Since 1 is much greater than 1.0, the flexural
stiffness in the in-plane direction is much greater than the
stiffness in the out-of-plane direction (0 for the standard
HMMWV provision is 248.34). These results indicate that the
hook was designed primarily for in-plane loads.

As a consequence of the position of the FO provision
relative to the vertical configuration centerline, worst
case (highest combination of bending and axial loads)
provision sling loading was anticipated for the outboard
provision. Sling loading vectors collinear with the
longitudinal axis of the main bracket box beam minimize
bending stresses within the "U" shaped rod and are therefore

4



at desirable orientations. Slings loading the FO provisions
in DSS configurations are oriented at angles which tend to
bend the hooks inwards towards the vehicle center. In
addition, FO sling forces require higher magnitudes to
achieve a vertical force component equal to the vertical
component of the forward inboard sling.

These findings are consistent with hook loading
procedures as outlined in MIL-STD-209G. For the 10,000 lb
GVW class HHV test vehicles used, loading of the hook should
be primarily in the in-plane direction and as close to the
box beam centerline as possible.

SIMULATED AIRLIFT TESTS

Simulated DSS airlift tests were performed to
characterize the FO sling force vector (directions and
magnitude) and to record the strain response of the
provision to static 1.0g loads.

Simulated Airlift Test Procedure

DSS simulation tests were performed by suspending two
10,000 lb HHVs from an "I" beam fixture supported by an
overhead crane (Figure 2). A 160 inch long "I" beam was used
to simulate the distance between the fore and aft lift
points of the CH-47D. Shackles were fixed to both ends of
the beam to support the forward and rear vehicle slings.

Prior to testing, both HHVs were positioned parallel to
each other, facing the same direction, and were separated by
approximately six (6) inches. Two 3 inch thick corrugated
cardboard honeycomb panels were placed between the HHVs to
distribute vehicle contact forces and to protect the HHV
side panels. Load cells were mounted in series between the
beam shackles and the lift slings to measure forward
outboard and forward inboard sling forces throughout the
tests.

Sling force and strain data acquisition systems w3re
triggered to record prior to lifting. Ti2se sy-tcms remained
active through the suspension period while anyge
measurements were recorded. Termination of data recording
occurred only after the vehicles returned to the ground and
the lift slings supported no weight.

CHARACTERIZATION OF DSS AIRLIFT CONFIGURATIONS

Differences between the two DSS configurations are
primarily the result of the user preferred vehicle nose down
angle, as illustrated in Figure 4. Vehicle symmetry, with
respect to the longitudinal axis ot the helicopter, is
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required for weight distribution (flight stability) and is
common to both configurations. Nose down angles and vehicle
symmetry are both achieved by adjusting each sling/chain to
predetermined lengths prior to attachment to the helicopter.
For each configuration, the required sling/chain assembly
lengths vary according to vehicle lift point location.
Length adjustments are made secure by passing the sling
chain through the hook and sliding the appropriate chain
link into the yoke of a link keeper (slotted shackle).

Results of Configuration Characterization

Results of angle measurements taken during testing are
illustrated in Figure 5. Forward outboard sling angles were
measured with an inclinometer placed collinearly along the
sling, and were recorded relative to both the horizontal and
vertical. Forward inboard angles were calculated based on FO
sling angles and vehicle geometry. Together, the
longitudinal and transverse angles uniquely characterize the
orientation of the forward outboard sling relative to a
coordinate axes system originating at the sling/hook contact
point.

Sling force data, as reported by the load cells, were
used in conjunction with angle measurements to resolve the
FO sling force into equivalent sets of three mutually
orthogonal components as shown in Figure 5 (see Appendix I
for sling force resolution calculations). Tables 1 and 2
below summarize the component results.

Table 1. DSS RESOLVED FORCES

(Forward Outboard Sling)

101ST NRDEC

FO Sling force (lb.) 2913 2435
Fx (lb.) -617 97
Fy (lb.) 2746 2330
Fz (lb.) 751 700
Angle front (deg.) 72.0 74.5
Angle side* (deg.) 8.0 -7.0
Nose down angle (deg.) 20.0 5.0

*(Side angle includes -12° provision mounting angle)

7
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Table 2. DSS RESOLVED FORCES
(Forward Inboard Sling)

101ST NRDEC

FI Sling force (lb.) 1772 2363
Fx (lb.) 301 199
Fy (lb.) 1739 2329
Fz (lb.) 162 345
Angle front (deg.) 82.2 83.2
Angle side* (deg.) 8.0 -7.0
Nose down angle (deg.) 20.0 5.0

*(Side angle includes -120 provision mounting angle)

Expressing the FO sling force components in parametric
form yields the following equations;

For 1.0g forces

1 0 1 st Config. F = - 617xi + 2746y• + 7 51Zk
NRDEC Config. F = 97xi + 2330yj + 7 0 0 Zk

At 3.2g, the force vectors become

101st Config. F = - 1974xi + 8787y• + 2 4 0 3 zk
NRDEC Config. F = 310xi + 7456yj + 2 2 4 0zk

STRAIN DATA ACQUISITION

A total of fifteen Micro-Measurements (TM) type EA-13-
125EP-350 uniaxial strain gages were mounted to the hook and
bracket sections of the forward outboard lift provision.
Figure 6 illustrates the approximate locations of each gage
relative to the provision. Gages number 1 through 5 were
mounted on the inner web surfaces of the two "C" channel
beams of the provision bracket. The remaining ten gages
(gages No.s 6-15) were reserved for the hook and were
positioned to coincide with predetermined FEA model
integration point locations.

A MEGADAC Series 2000 (TM) multi-channel data
acquisition system was used to record strain gage signals at
a scan rate of 120 samples per second, per channel. Each
gage occupied an individual system channel with additional
channels reporting elapsed and cumulative time.

9
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Figure 6. Strain gage map.

System recording was triggered by means of the host
computer using OPUS (TM) software. A "zero load" test file
was recorded prior to lifting the vehicles to obtain strain
transducer offset values after balancing and calibrating all
data acquisition system channels. These values were used to
compensate for the offsets of each strain gage on a channel
by channel basis as necessary.

The tests performed are listed in Table 3 according to
the sling configurations tested and the order in which they
occurred.

Table 3. STRAIN DATA TEST FILES

TEST #/FILE EXT. DESCRIPTION

1 / R01 Zero Values
2 / R03 101st
3 / R04 101st
4 / R05 NRDEC

10



Strain Data Processing and Results

Strain gage results obtained from suspension tests were
individually plotted (60 plots = 4 tests with 15 channels
per test) with microstrain as the ordinate (Y-axis), and
elapsed time in minutes as the abscissa (X-axis). These
plots represent the axial strain reported by each gage as a
function of time and show the strain response of the hook
and provision through the lifting, static suspension, and
unloading portions of each test.

To determine the average digital values of the plotted
strain, five samples of data were extracted from each gage
file. The first and last samples consisted of approximately
100 data points each and correspond to pre and post vehicle
lifting. These samples were used to determine residual
strains (6e) in the provision by comparing initial sample
average to final sample average strain values.

Sample numbers 2, 3, and 4 consisted of approximately
500 points each and were taken at the beginning, middle and
end of vehicle suspension respectively. Statistical analysis
of these three samples were used to obtain the average
maximum (tension) or minimum (compression) values of strain
for each gage in both test configurations. The "+/-" column
computed for both configuration tests reports the average of
standard deviations from samples 2, 3, and 4 of each strain
gage. Results of the statistical analysis are summarized in
Table 4.

Table 4. STRAIN GAGE RESULTS.

Descrip. Zero Values 101st Config. NRDEC Config.

(4)(40 Ca (/E)

Gage # Ave. +/- Ave. +/- 6E Ave. +/- SE

1. -20 22 -137 3 -16 -105 21 4
2. -18 22 -109 3 -16 -80 21 4
3. -18 22 22 3 -20 10 23 -4
4. -19 22 -95 3 -7 -89 21 4
5. -18 22 -102 3 -7 -95 21 5
6. -18 22 922 5 -5 794 44 1
7. -18 22 522 5 -9 388 33 -23
8. -35 22 -772 11 1 -661 17 38
9. -23 22 151 3 -4 -91 21 3

10. -21 22 260 3 -12 319 31 -22
11. -19 22 -64 3 3 -123 20 9
12. -21 22 883 3 -6 752 46 -44
13. -19 22 113 3 -5 18 28 1
14. -14 22 -671 3 0 -593 17 38
15. -17 22 312 3 0 281 30 -14

II
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A sample plot of gage number 6, test file number 2 is
shown in Figure 7 with the results of a statistical analysis
of one of five samples (in this case, sample #3) taken per
plot. Figure 8 shows the five locations at which the samples
were taken. Statistical average values obtained from samples
number 2, 3, and 4 were again averaged to yield a single
representative value of strain for each gage during the
static suspension portion of each test.

CO ma×D Cma×xmaxD

m

S

t

r

n

Si sampl~ing location

(i = 1-5)

CO'O Cmax. OD

time CmInD

Figure 8. Typical sampling locations of strain plot.

Strain gage data from test file number 3 (corresponding
to the 2nd 101st lift test) was not processed in the manner
described above. This file was recorded after the data
storage media tape for the first two tests was removed from
the test system and replaced by a second new tape. A brief
lift test (test number 3, data storage tape number 2) was
performed during which time the suspended vehicles swung
back and forth in a pendulum type motion. The vehicles were
returned to the ground before the swinging motion subsided
and was therefore not a true suspension test. The purpose of
performing this test was primari'y to ensure that the new
tape was properly formatted and that the system was
functioning properly.

FINITE ELEMENT ANALYSES

In order to determine the response of the outboard HHV
provision to the loading cases shown in Figure 5, finite

J3



element analyses of both the hook and bracket were
performed. Preliminary linear elastic analyses predicted the
existence of plasticity within the U-shaped hook component
of the outboard provision. Stresses obtained from these
models exceeded the material yield strength (a = 87,500
psi) at 3.2 times the magnitude of the static loading vector
for both the 1 0 1st and NRDEC load cases. These models are
shown in Figure 9.

Modeling efforts were then focused on the development
of a 3 dimensional, elastic-plastic finite element
representation of the complete provision to detect possible
plastic deformation throughout the hook and bracket
sections. The elastic-plastic model was generated by using
the PATRAN 2 (TM) preprocessor and analyzed with the ABAQUS 3

(TM) commercial code. This model revealed that stresses
within the bracket section of the provision were relatively
low in comparison to the hook component.

Linear Elastic Hook Finite Element Models

Hook models of the 1 0 1 st and NRDEC FO provision shown in
Figure 9 were restricted to the portion of the hook located
above the reinforcement plate (refer to Figure 3). Sectic is
below the reinforcement plate were not modeled since (1)
stresses resulting from the applied loads were distributed
locally between the hook and the vertical welds of the
reinforcement plate, (2) significant increases in axial,
bending, and shear stiffnesses existed at the weld regions
and (3) stresses within the hook section located below the
reinforcement plate were minimal.

Hook models were constructed of ABAQUStm Type B31 beam
elements. These two noded, 3 dimensional isoparametric
elements assume a linearized displacement field in {u,v,w,}
with integration points (I.P.,finite points, the locations
of which report results) located as shown in Figure 10.

Boundary conditions fixing the translational and
rotational degrees of freedom (DOFs) were imposed on nodes
located at the top of the welds connecting the hook to the
reinforcement plate as shown in Figure 9. Justification for
these boundary assumptions were based on the significant
increases in axial, bending, and shear stiffnesses at the
welds. Loading vectors representing the outboard slings
were described for each DSS case by the parametric equations
indicated.

The vectors were applied to the models as concentrated
forces to simulate the worst case condition as in previous
investigations4 . Contact at the chain/hook interface was
modeled as only one edge of one link, in contrast to the
combination of one edge and one face of two individual links
as shown in Figure 11.

14
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Results of Linear-Elastic Hook Finite Element Models

Results for the 1 0 1st and NRDEC cases were obtained
using a sling force load of 3.2 times the measured 1.0g
sling force (indicated force vectors in Figure 5) and are
displayed in Figures 12 and 13 for the 1 0 1 8t and NRDEC
configurations respectively. Axial strains, e , are
plotted over the curved section of the hook as Alfunction of
the angle 0, where 0 is defined ds the angle between the
line connecting the element midpoint to the center of the
hook's curved section. Each strain plot consists of four
curves, one curve for each of the four integration points (#
3,7,11,15) on the midpoint cross section of each element.

Correlation of Linear-Elastic FEA Model Results to
Experimental Results

Strain gage results obtained from the simulated DSS
airlift tests were multiplied by a factor of 3.2 and
positioned on the corresponding locations of the curves in
Figures 12 and 13. A yield strain value of 2.966E-03 in/in
obtained from previous material characterization tests was

16
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used to indicate model yielding5 . This constant value was
plotted for both tension and compression in both
configuration cases from 0 = 0.00 to • = 1800. Model strain
results of a magnitude greater than E = +2.966E-03 or less
than e = -2.966E-03 indicate material yielding at 3.2g sling
forces.

Linear elastic FEA strain result plots indicate that
both configurations yield below the required 3.2g sling
force limit. Strain gage data plotted on the curves in
Figures 12 and 13 demonstrate the degree of correlation
between experimental and F.E.A. results. These plots
indicate that the magnitude of strain within the hook
exceeds acceptable limits.

Elastic Plastic Full Provision Finite Element Model

An elastic plastic finite element analysis of the fuli
provision (bracket and hook) was performed on the model
shown in Figure 14.

The model is constructed of ABAQUS (TM) Type B31 two
noded beam elements throughout the hook portion of the model
with ABAQUS (TM) S4R Type four noded shell elements
throughout the bracket section of the provision (with
isotropic hardening, plastic strain data obtained from
previous tests).

Attachment of the hook to the bracket was accomplished
by means of multiple point constraints between neighboring
nodes of the hook and bracket interface. This method
provides rigid beam attachments between the nodes of the
ý,ook and nodes of the bracket resulting in equivalent
displacemdnts and rotations to approximate the weld
interface. Rigid body displacement of the model was
prevented by fixing translational and rotational degrees of
freedom at the 10 node locations corresponding to the
vehicle frame bolt holes.

Sling force loading of the model was performed with
1.0g loads determined during testing and resolved in a
manner similar to the linear elastic model case. Application
of the force to the hook occurred at a single representative
node for each of the two cases (chain hook interface
assumptions similar to the linear elastic model).

Elastic-Plastic Model Results

Results of the elastic-plastic FEA model were
evaluated, and correlated with experimental results, in a
manner identical to the linear elastic model method.
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Figure 17. Elastic-plastic 3.2g FEA results for forward portion of
hook in 1 0 1 8t configuration. Corresponding strain gage
results superimposed all at 3.2g.
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Figure 18. Elastic-plastic 3.2g FEA results for forward portion of
hook in NRDEC configuration. Corresponding strain gage
results superimposed all at 3.2g.
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Figures 15 and 16 shows the four curves generated by
the beam element integration points as a function of the
element number along the curved portion of the hook. Figure
15, representing the 101st configuration shows a large
number of element integration point strains whose absolute
values exceed the 2.966E-03 in/in yield strain failure
limit. The NRDEC case (Figure 16), to a lesser degree than
the 1 0 1st, shows failure at the forward hook/bracket weld
interface and chain/hook contact point.

Finite element analysis results of the forward straight
section of the "U" shaped rod were compared to the front
strain gage band, consisting of gages no. 12 - 15. Figures
17 and 18 show the correlation betweeo experimental and FEA
results for the 101st and NRDEC configurations respectively.
For these plots, integration point identification numbers
(3,7,11,15) are plotted along the abscissa versus strain.
These beam element integration point locations were the
intended locations of the forward strain gage band. Slight
slippage occurred during gage bonding resulting in gage
local-ion changes both circumferentially and longitudinally.

Contour plots of the bracket section of the provision
were generated for both configurations. No attempt was made
to correlate these results with data obtained via strain
gages number 1 through 5. Photographs taken of the bracket
section lacked the necessary detail and clarity required to
accurately estimate the coordinates of the gages in that
section. Results do however predict that failure by yielding
would occur at bracket locations close to the frame bolt
holes at 3.2g loads in both configurations. Contour plot
results for both configurations are shown in Figures 16.

MODEL SENSITIVITY OBSERVATIONS AND ANALYSIS

Strain gage daLa files, processed prior to the
statistical sampling and averaging procedure, indicated a
discrepancy between the two 101st configuration lift tests.
Graphical methods of strain value determination for these
two tests resulted in the values shown in Table 4.

Close examination of the data on a gage-by-gage basis
revealed an apparent trend in magnitudes of strain between
the two files. Repeatability of strain readings for most
out-of-plane sensing strain gages was relatively high for
the two 1 0 1 st configuration lift tests. This trend indicates
that the sensitivity of the hook to small changes in out-of-
plane loads (F.) is small. Repeatability of in-plane sensing
strain gages on the other hand was poor. This trend would
indicate that the sensitivity of the hook to small changes
in the vectorial sum of in-plane (Z Fx + Fy) forces is high
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Table 4. STRAIN GAGE RESULTS FOR TWO TESTS OF THE 101st
CONFIGURATION.

GAGE # R03 R04 161 location
ME ju 6 E ip/op **

1. -134 -135 na
2. -105 -102 na
3. 20 20 na
4. -95 -100 na
5. -100 -100 na
6. 900 910 1Q op
7. 515 398 117 ip
8. -767 -770 3 op
9. -150 -81 69 ip
10. 255 343 88 ip
11. -64 -131 67 ip
12. 880 930 50 op
13. 112 65 47 ip
14. -611 -670 59 op
15. 315 390 75 ip

** lip" indicates gages sensing in-plane bending
strains, "op" indicates gages sensing
out-of-plane bending strains.

In light of these apparent trends, and the fact that
the second 1 0 1st configuration lift test (R04) was not
intended to yield high quality (stabilized vehicle motion)
results, an FEA model sensitivity analysis was performed.

Table 5 lists, in a columnwise fashion, the integration
point strain results for element number 44 of the linear
elastic 101st configuration FEA model. This model was loaded
with the appropriate 3.2g force, and executed five times
(once for each of the five loaded node numbers identified).
The total horizontal span between the extreme nodes, #16 and
#20, is 0.7454 inches.

Percent variation calculations were then performed to
determine the percent change in axial strain between the
highest and lowest reported strain values for each of the
four integration points. The results of these calculations
are displayed in Table 6.
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Table 5. FEA STRAIN RESULTS OF ELEMENT NUMBER 44 AS A
FUNCTION OF LOADING NODE.

Loaded I.P. #3 I.P. #7 I.P. #11 I.P. #151
Node # (AE) (A0 (A) (ME)

16 -1325 1645 1798 -1172

17 -1340 1823 1878 -1294

18 -1318 2052 1935 -1435

19 -1278 2201 1951 -1529

20 -1204 2377 1943 -1638

Table 6. PERCENT VARIATION OF FEA STRAIN RESULTS PER
INTEGRATION POINT.

Integration Force Application Distance 6%
Point Nodes (in)

3 17/20 0.565 11.3

7 20/16 0.745 44.5

11 19/16 0.554 8.5

15 20/16 0.745 39.8

In the worst case, integration point #7 results vary by
as much as 44.5 % when adjusting the loading position of the
model by a corresponding 0.745 inches. Both integration
points number 7 and 15 report bending induced axial strains
for the out-of-plane direction. Referring to Table 4,
the differences of 50 and 59 microstrain corresponding to
out-of-plane gages #12 and #14 (element #44 vicinity)
respectively, could be attributable to inconsistent
chain/hook contact positions between the two tests. To a
lesser degree, and as predicted by the model, in-plane
strain discrepancies would also result from adjusting the
contact position of the sling/chain to the hook during
testing.
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CONCLUSIONS

Simulated DSS airlift tests were performed to
characterize the forward outboard sling force vector for
both DSS configurations. Experimental 1.0g FO sling forces
were found to be 2,913 lbs for the 1 0 18t configuration and
2,435 lbs for the NRDEC configuration. Sling force vector
resolution calculations were performed using two methods.
Results of the calculations were used to resolve the sling
force into mutually orthogonal components relative to a
coordinate axes system originating at the chain hook contact
point. Results of component inspection indicated that the
NRDEC configuration loads the provision more efficiently
than the 1 0 1st configuration. The excessive rearward in-
plane load (FX = - 617 lbs) applied by the 1 0 1 st
configuration FO sling, induces bending stresses, which when
extrapolated to 3.2g loads and superimposed with axial
stresses, create unacceptable levels of stress as stipulated
by MIL-STD-209G.

Results of both FEA models predicted material yielding
below the required 3.2g elastic limit as stipulated in
MIL-STD-209G. The 1 0 1 5t configuration was found to fail at
2.62g by means of interpolation. A significant improvement
over the 101st configuration failure load was observed with
the NRDEC configuration, which by interpolation indicated
failure at 3.18g.

Due to discrepancies found between two 1 0 1 st
configuration strain gage data files, a model sensitivity
study was performed where sling load application points were
adjusted over the bounds of a 0.75" horizontal distance. An
element close to the forward hook/bracket weld was observed
as the loading node was moved through the 0.75" range.
Results of the study were similar to the behavior of the two
101st configuration data files which demonstrated that both
the models and the actual hook itself are complex structures
and are both extremely sensitive to loading points.

It was the intention of this investigation to determine
if the two DSS configurations proposed for possible safety
release conformed to MIL-STD-209G. FEA models used to
determine material yielding correlated with experimental
strain results at various locations to varying degrees. In
both configurations, FEA models indicated that material
yielding would occur at sling force magnitudes lower than
the 3.2g limit set in MIL-STD-209G. The results imply that
both configurations do not meet the requirements of
MIL-STD-209G.
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APPENDIZX I

Sling Force Resolution Calculations
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Method 1. Graphical determination of resolved forces.

KNOWN: 3. Lift sling suigi at*s
at 40.0,0) and 9orni!ates itpoint A.

2. Magnitude of sling force

:i 2.913 pounds.
" 3. Angle dOe is 72

4. ADSIe bOc ist

1. Iatizate Oboas 100 units
2. Angle blOq' Is 8
3. 02- 100 6o. a - 99.03

Ocl- 100 sin 4 - 13.32
4. Angle d'Oel 1 73

Od' sin 72 - 99.03
Od'l 104.13
Oe'- 104.13 Cos 72 - 32.11

2 2 2
S. Ca' - SORT ( C' 4 0.2 4 ODa ) * 103.15

Of* * SQRT (Oc' 4 0.' ) - 35.06

4. By siailar triangles,

8a'Of' - Ca/Of

Of - (Os x Of')/Oa' , (2913 x 35.06) /105.15
Of - 972.21"-1 "1

7. Angle fe'C tan (OC'/Oe') * tan (13.92/32.18)

"Asle f'Oe' - 23.39

Angle 1 'Of' * 90 - 23.39 6#.&2

•* Ce - OCf c€ 23.39 - 191.46 *Ot
*e COc - Of coo 4#.61 - 385.59 ***

5. 41'/oe * og'/o0

Og - (Og' x Oal/O.' -(99.03 z 2913)/105.25

*** 0g 2746 **O

9:. ecall Of - 971.26
-1

angle fOc tan (0*/Cc) - #4.41 degrees
angle fOo - (90 - #4.41) - 23.39

10. Project coordinate of point f to axis rotated
24 degrees clockwise relative to axis 0g.

971.28 coo (64.41 - 14) a 417 (negative Oc direction)
971.26 coo (23.39 * 14) = 751 (positive *a direction)

11. The three resolved couponento of Os are:

O0 a 2744
0O (16 dog. rot.) - 751
Oc (1 dog. rot.) - 417
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Axes Transformation Calculations

Input: Resolved forces in vehicle coordinate system.
Results: Resolved forces in hook coordinate symtwm.
'*Refer to pages 7,8,31.

Rotate about x-axis by (+ex):

X, - xi a xi'

Y, -ycogBxl +Ysinext

z' - -zsiGjl*j + ZCOSOx~

F 1 0 0 r S

Rotate about y'-axisby(e

x, xcosS ,i1 - x'sine ,h'

y y*5
*Y'.

[x cosey1  0 -siney FxI n.tal*I[ ::.1 0 1 0 j
F ney . 0Foey z'

Rotate about Z'-axis by (+e01 5 9 h

x"a i~cose ,,i" + x's&inO2 5 .j"
- -Y"sine~P 2.8 +yOOCos8z.j"

a Zoe ~*' a k"

Fx' ~ose *, sinOz1 F6

0y -sinta, IIe 0IP
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